The phylogenetic position of Candida dubliniensis has previously been established on the basis of the sequence of rRNA genes. In order t o confirm the relationship between C. dubhiensis and other yeast species, particularly Candida a/bicans, using non-rRNA gene sequences the ACT1 gene was chosen for analysis. Three overlapping fragments that together span the entire C. dubhiensis ACT1 gene (CdACT1) were amplified from a recombinant phage isolated from a genomic DNA A library using PCR. These were cloned and used t o determine the contiguous sequence of the gene. Analysis of the sequence data revealed the presence of a 1131 bp ORF interrupted by a single 632 bp intron at the 5' extremity of the gene. Comparison of the CdACT1 sequence with the C. albicans homologue (CaACT1) revealed that although the exons are 97-9 O/ O identical the introns are only 83.4% identical. Phylogenetic trees generated using ACT1 exon and intron sequences from a range of yeast species unequivocally confirmed the phylogenetic position of C. dubhiensis as a unique taxon within the genus Candida. Analysis of the ACT1-associated intron sequences from 10 epidemiologically unrelated C. dubhiensis isolates from disparate geographical locations showed a very low level of intraspecies sequence variation. In order t o develop an accurate and rapid method t o identify C. dubliniensis from primary isolation plates the significant divergence between the C. dubhiensis and C. albicans ACT1 intron sequences was exploited by designing C. dubliniensis-specific PCR primers. Using a rapid boiling method to produce template DNA directly from colonies from primary isolation plates in 10 min, these primers were used in a blind test with 122 isolates of C. dubhiensis, 53 isolates of C. albicans, 10 isolates of C. stellatoidea and representative isolates of other clinically relevant Candida and other yeast species. Only the C. dubhiensis isolates yielded the C. dubhiensis-specif ic 288 bp amplimer. Use of this technique on colonies suspected t o be C. dubhiensis allows their correct identification as C. dubhiensis in as little as 4 h.
INTRODUCTION
Candida dubliniensis is a yeast species first described in 1995 (Sullivan et al., 1995) . Although C. dubhiensis is Abbreviations: HIV, human immunodeficiency virus.
The EMBL accession numbers for the nucleotide sequences reported in this paper are AJ236897 (Candida dubhiensis CD36), AJ237918 (Candida phenotypically similar to C. albicans, the two species differ significantly at the genetic level. In particular, phylogenetic analysis of large-and small-subunit rRNA gene sequences provided the basis for the designation of C. dubliniensis as a separate species (Sullivan et af., 1995 (Sullivan et af., , 1997 Gilfillan et al., 1998) . The first isolates identified as were recovered from the oral cavities of Irish human immunodeficiency virus (H1V)-infected individuals. However, over the last three 0002-3422 0 1999 SGM years there have been increasing numbers of reports of the recovery of C . dubliniensis isolates by laboratories throughout the world, including Europe, North and South America, and Australia (Coleman et al., 1997b; Sullivan et al., 1997; Salkin et al., 1998; Kirkpatrick et al., 1998) . Although the majority of these isolates have been primarily associated with oral candidosis in HIV-infected and AIDS patients (Coleman et al., 1997a) , C . dubliniensis isolates have also been recovered form the oral cavities, gastrointestinal tracts and vaginas of HIV-negative individuals (Moran et a/., 1997 (Moran et a/., , 1998 Odds et al., 1998) . There have also been reports of C . dubliniensis isolates associated with systemic disease (Pinjon et al., 1998; Meis et al., 1999) . The majority of clinical isolates of C . dubliniensis have been shown to be susceptible to commonly used antifungal drugs, including fluconazole (Moran et al., 1997 (Moran et al., , 1998 Kirkpatrick et a/., 1998; Pfaller et al., 1999) . However, fluconazole resistance has been detected in clinical isolates (Moran et al., 1997 (Moran et al., , 1998 Kirkpatrick et al., 1998; Pfaller et al., 1999) and isolates of C . dubliniensis susceptible to fluconazole can be readily induced to p rod u ce flu co n a zo 1 e-r es i s t a n t derivatives f o 1 low i ng exposure to the drug in uitro (Moran et al., 1997 (Moran et al., , 1998 .
The prevalence of C . dubliniensis in the oral cavities of HIV-infected individuals and AIDS patients and reports of its association with disease in other body sites warrant in-depth epidemiological analysis. However, these investigations have been hampered by the lack of a simple, reliable method capable of unequivocally differentiating between C . dubliniensis and C. albicans in the clinical laboratory. Indeed, since C . dubliniensis and C . albicans share the ability to produce germ tubes and chlamydospores, features previously used for the definitive identification of C. albicans, it is likely that many isolates of C . dubliniensis have been misidentified as C. albicans.
Investigations of our own collection of stored oral
Candida isolates, originally identified as C. albicans, have shown that 1.8% of isolates recovered from asymptomatic normal healthy individuals and 16-5 '/o of isolates recovered from HIV-infected individuals were in fact C. dubliniensis (Coleman et al., 1997a) . In a similar study, Odds et al. (1998) have recently shown that approximately 2 % of a stored archival culture collection of 2500 yeast isolates, originally identified as C . albicans, was C. dubliniensis. They found that the prevalence of C. dubliniensis was significantly higher among HIV-infected individuals than among HIVnegative individuals (Odds et al., 1998) . Although first described in 1995, the earliest known C . dubliniensis isolates were recovered in the 1950s, thus predating the HIV pandemic. One of these strains, NCPF 3108, was recovered in the UK in 1957 and was originally deposited in the British National Collection for Pathogenic Fungi as C. stellatoidea (Sullivan et al., 1995) , while another strain, CBS 2747, which was recovered in the Netherlands in 1952, was originally deposited in the Centraal Bureau fur Schimmelcultures as C. albicans (Meis et al., 1999) .
A variety of tests have been developed to discriminate between C . dubliniensis and C. albicans based upon phenotypic characteristics. These include carbohydrate assimilation profiles and colonial coloration on differential media such as CHROMagar Candida and methyl blue-Sabouraud agar (Sullivan et al., 1995 Coleman et af., 1997a; Schoofs et at., 1997) . However, some of these assays have been shown to be unreliable in some instances and should only be used for the presumptive identification of C. dubliniensis from clinical specimens (Schoofs et al., 1997; Kirkpatrick et al., 1998) . The accuracy of C. dubliniensis isolate identification based on carbohydrate assimilation profiles has been improved by the recent inclusion of the assimilation profiles of some C . dubliniensis strains in the databases of commercially available yeast identification systems, including the API ID 32C and 20C AUX systems. It has been reported recently that C. dubliniensis and C . albicans can be distinguished on the basis of differential growth at 45 "C, with isolates of the former species unable to grow at this temperature (Pinjon et al., 1998) . However, in a recent study a significant number of C . albicans isolates were found to be unable to grow at this temperature (Kirkpatrick et al., 1998) . Currently, the most reliable tests available to differentiate between these species are based on molecular techniques such as DNA fingerprinting with repetitive-sequence-containing probes, randomly amplified polymorphic DNA (RAPD) analysis and pulsedfield gel electrophoresis (Sullivan et al., 1995) , but these are not suitable for the analysis of large sample numbers in routine diagnostic laboratories. However, since the differences between C. dubliniensis and C . albicans are most pronounced at the genetic level such differences should provide the basis for a specific and rapid identification test. One molecular technique with the required degree of specificity and ease of use is the polymerase chain reaction (PCR). This technology is increasingly available in diagnostic laboratories and due to its speed, reproducibility and high sample volume throughput is ideally suited for application to large numbers of clinical isolates.
The phylogenetic position of C. dubliniensis in relation to other yeast species has been established on the basis of the comparison of small-and large-subunit rRNA gene sequences (Sullivan et al., 1995 Gilfillan et a/., 1998) . In the present study we sought to confirm these phylogenetic relationships using sequences of nonrRNA gene origin. It was also hoped that these sequence data would lead to the identification of C. dubliniensisspecific nucleotide sequences that could be exploited in the design of a rapid PCR-based identification test. T o achieve these goals the ACT1 gene of C. dubliniensis was chosen for analysis. ACT1 encodes actin, a protein that is abundant in all eukaryotic cells, where it is the major component of cytoplasmic microfilaments. Due to structural constraints the amino acid sequence of actin proteins from different eukaryotic species is highly conserved (Korn et al., 1978; Hightower et al., 1986; Pollard et al., 1990; Hennessey et al., 1993 (Losberger & Ernst, 1989) showed that both ACT1 genes contain a single class IV intron and it was anticipated that these intron sequences would be subject to less evolutionary conservation than the actin-proteincoding exons. Therefore we decided to investigate whether the exons and introns of C. albicans and C. dubliniensis would be sufficiently divergent to allow an accurate determination of the phylogenetic relationship between the two species and to allow the design of C.
dubliniensis-specific primers suitable for rapid and specific identification of this species in the clinical laboratory using a rapid template DNA preparation procedure.
Candida strains and culture media. All C. dubliniensis strains were isolated by this laboratory or received from other laboratories and identified using the molecular and phenotypic methods described by Sullivan et al. (1995) . All Candida strains and isolates were routinely grown on Potato Dextrose Agar (PDA, Oxoid) at pH 5.6 for 48 h at 37 "C. For liquid culture, Candida strains and isolates were grown at 37 "C in Yeast Peptone Dextrose Broth (YPD) in an orbital incubator (Gallenkamp) set at 150 r.p.m.
Bacterial strains and culture media. Escherichia coli DH5a was used as the host strain for phagemid pBluescript I1 KS( + / -) (Stratagene) and was maintained on Luria-Bertani (LB) agar, supplemented with 100 pg ampicillin ml-' to maintain plasmids where appropriate. For liquid culture, strains harbouring plasmids were grown at 37 "C in LB broth containing 100 kg ampicillin ml-' in an orbital incubator set at 150 r.p.m. Transformation of E. coli DH5a and identification of transformants containing recombinant plasmids were carried out by standard protocols (Sambrook et al., 1989) . E. coli LE 392 and its P2 phage lysogenic derivative (P2 392) were used for propagating the bacteriophage 2 cloning vector EMBL3 and its recombinant derivatives. These strains were grown and maintained on LB agar supplemented with 10 m M MgSO, and 0.2% (w/v) maltose. Organisms for phage infection were grown in LB broth containing 10 mM MgSO, and 0.2% (w/v) maltose (Sambrook et af., 1989 Gallagher et al. (1992) . High-molecular-mass total cellular DNA from C. dubliniensis for the construction of a genomic library was isolated by the method described by Bennett et al. (1998) . Candida template DNA for use in PCR experiments with the C. dubliniensis-specific oligonucleotide primer pair DUBF/DUBR (Table 1 ) was prepared as follows. A single colony from a culture grown for 48 h at 37 "C on PDA or CHROMagar Candida medium (CHROMagar Candida, Paris, France) was suspended in 50 pl sterile distilled water. Cell suspensions were boiled for 10 min and the lysed cells subjected to a clearing spin for 5 min at 20000 g. Template DNA contained in 25 p1 supernatant was used for PCR amplification. t Restriction endonuclease recognition sequence included within the primer sequence (underlined). Table 1 ). The names of the recombinant plasmids obtained when these amplimers were cloned in pBluescript are shown on the right. The location of sequences amplified with the C. dubliniensis-specific primer pair DUBFIDUBR is indicated by the shaded box. The nucleotide coordinates of the sequences contained in each amplimer relative to CdACT7 sequences are shown a t the top (numbering the CdACT7 ATG start codon + 1).
Lnrge-scale E . c-oli phage lysates were prepared according t o the plate mcthod of Sambrook rt '11. (1989) and recombinant phage DNA was purified from phage preparations using a Wizard Lambda Preps kit (Promega).
Construction of a C. dubliniensis CD36 genomic DNA library.
The DNA library was constructed by ligating Sau3A-g e n e r ii t e d p ~i r t i ; i 1
chromosomnl DNA > 10 kb in size with RamHI-generated pre-prepared i bacteriophage replacement vector EMBL3 iiriiis (Promega) followed by packaging in tritvo into preprepared phage heads and tails (Promega) according to the m LI n u fa c t 11 rer ' s i 11 s t ru c t i o n s. P rev io LI s studies have shown that DNA frrigments ranging in size from 9 to 23 kb can be cloned into the EMBL.3 vector (Frischauf et al., 1983) . The packaged recombinant phage particles were propagated on the E. coli lysogenic strain P2 392. A recombinant library containing 2.0 x 10" p.f.u. was obtained.
Recombinant phages were propagated on E. coli LE 392 to yield -1000 p.f.u. per 90 mm Petri plate and were transferred from t h e p 1 a q u e s onto n it r o ce 11 11 1 o se membrane fi 1 t e r s (Schleicher & Schuell) by overlaying the plaques with the filters, which were then screened by plaque hybridization (Sanibrook et ul., 1989) using x-:"P-labelled DNA probes.
DNA hybridization. Probe DNA used in screening the C. dtrlAiniensis genoniic DNA library and in Southern hybridizrition experiments was labelled with [x-:"P]dATP (3000 Ci mmol-' ; 110 TBq mmolk') by random priming with a random hex a n ucleo t ide primer 1 a be1 1 i ng kit ( P r i me-a -G ene, Pro mega).
All hybridizations were performed under conditions of high stringency (6.5 " C ) , ;is described by Sambrook et al. (1989) .
PCR isolation of ACT1-associated introns. Amplification of ACT7-associated intron sequences from Candida strains was performed in 100 p1 reaction mixtures contAining 100 pmol each of the forward and reverse primers, INTF/INTR (Table  I ) * * * * * * * * + C 1 1 1 t t * * * * * * * t t * t * t * * t t t t t * * * * & * * + * * * a +
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.... (Perkin Elmer Cetus) with 30 cycles of 1 min at 94 "C, 1 min at 52 "C and 1 min at 7 2 "C, followed by 72 "C for 10 min. The amplimers were purified using the Wizard PCR Preps DNA Purification system (Promega) and cloned into pBluescript using standard procedures (Sambrook et al., 1989) .
DNA sequencing. This was performed by the dideoxy chainterminating method of Sanger et al. (1977) using an automated Applied Biosystems 370A DNA sequencer and dye-labelled terminators (ABI Prism Dye Terminator Cycle Sequencing Ready Reaction kit, Applied Biosystems). Searches of the GenBank database for nucleotide sequence similarities were performed using the BLAST family of computer programs (Altschul et al., 1990) . Nucleotide sequence alignments were carried out using the CLUSTAL w sequence analysis program (Thompson et af., 1994) .
PCR identification of C. dubliniensis. PCR identification of C.
dubliniensis using the C. dubliniensis-specific primer pair DUBF/DUBR (Table 1) C. dubliniensis ACT1 gene (Promega) and 25 pl template-DNA-containing cell supernatant (prepared as described above). Each reaction mixture also contained 10 pmol each of the universal fungal primers RNAF/RNAR (Fell, 1993) , which amplify approximately 610 bp from all fungal large-subunit rRNA genes and were used as an internal positive control. Cycling conditions consisted of 6 min at 95 "C followed by 30 cycles of 30 s at 94 "C, 30 s at 58 "C, 30 s at 72 "C, followed by 72 "C for 10 min. Amplification products were separated by electrophoresis through 2.0°/0 (w/v) agarose gels containing 0.5 pg ethidium bromide ml-' and were visualized on a UV transilluminator. Fig. 1 ). T h e three amplimers, containing overlapping sequences, obtained following PCR with these primers were cloned into pBluescript to yield recombinant plasmids pS, PACT and p3, respectively (Fig. 1) . T h e insert DNA cloned in p5 and p3 was sequenced fully in both directions using universal primers, while the insert DNA cloned in PACT was sequenced fully by primer walking. These three overlapping sequences yielded a contiguous sequence of 1827 bp revealing an O R F of 1131 bp interrupted by a single 632 bp intron a t the 5' end (Fig. 1) . T h e overall nucleotide sequence identity between this O R F ( C d A C T l ) and the CaACT1 gene was 90.6%. This divergence is mainly due to differences between the intron sequences, which are 83.4% identical (Fig. 2) , while the spliced coding sequences, which are identical in length in both species, are 97.9% identical. T h e differences between the exon sequences correspond to a total of 24 base changes. However, only one of these base substitutions [A 4 G, at position 660, numbering the sequences in the 5'-3' direction from the first base
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) of the translation start codon of C d A C T I ] , results
in a change in the predicted amino acid sequence, a conservative substitution from isoleucine to valine. At 632 bp the CdACTl intron is 25 bp shorter than the corresponding sequence in CaACTl ; however, it is situated in exactly the same position at the 5' end of the gene and is recognizable by the presence of yeast intron consensus sequences (Fig. 2) . These are the 5' consensus sequence GTATG, the 3' consensus sequence YAG, and the branchpoint sequence TACTAAC located near the 3' end of the intron which is essential for efficient splicing (Mount, 1982; Langford et al., 1984; Leer et al., 1984; Molenaar et a/., 1984; Teem et al., 1984) .
I n order to determine the level of intraspecies intron seq u en ce con ser v a t i o n i n ep i de m i o log ica 11 y u n re 1 at ed isolates from geographically divergent parts of the world the introns of nine additional C . dubliniensis isolates, two additional C. albicans isolates (132A and 179B) and three C. stellatoidea isolates (Table 2) were amplified using the primer set INTF/INTR, which were complementary to CaACTl sequences flanking the intron (Table 1) . T h e intron sequences of the 10 C . dubliniensis isolates tested, including CD36 (Table 2) , were found to be very highly conserved, with only one o r two base changes found within each isolate. Similar intraspecies sequence conservation was observed with the C. albicans and C . stellatoidea strains studied.
Phylogenetic analysis based on ACT1 sequences
T h e ACT1 gene has been used extensively to infer inters pec ies re 1 a t ions h i p s across broad evolution a r y distances (Zakut et al., 1982; Mertins & Gallwitz, 1987 ; , 1996) . This part of the study was undertaken to confirm the phylogenetic position of C. dubliniensis in relation to other yeast species using ACT1 sequences. This is the first time that the phylogeny of C. dubliniensis has been investigated using nonrRNA gene sequences. Since the A C T l gene of many yeast species contains highly conserved ( i x . exon) and less well-conserved ( i x . intron) sequences, these regions were compared separately. Firstly, the ACT1 spliced coding sequences of C. albicans, C. dubliniensis, C . glabrata, Kluyveromyces lactis and Saccharomyces cerevisiae, obtained in this study or from the databases (Table 3) , were compared using the CLUSTAL w sequence alignment software package. Secondly, the A C T lassociated intron sequences from selected strains of C. albicans, C. dubliniensis, C. stellatoidea, C. tropicalis, C. glabrata and K . lactis (Table 4) were obtained either from GenBank or following amplification using the INTF/INTR primer set (Table 1) and also compared using CLUSTAL w. An evolutionary distance matrix for each group of sequences was generated incorporating corrections for multiple base changes according to the method of Jukes & Cantor (1969) (Tables 3 and 4 ). These data indicated that the C. dubliniensis coding and intron sequences differ from the corresponding C. albicans sequences by 2-1 '/o and 16-6 */o, respectively.
Evolutionary trees constructed using the neighbourjoining method of Saitou & Nei (1987) based on these data are shown in Fig. 3 . These trees and the bootstrap values determined for each node unequivocally confirmed the unique species designation of C. dubliniensis and its phylogenetic position in relation to the other yeast species, including C. albicans. In addition, these data also confirm that C. albicans and C . stellatoidea are , 1989) . The sequence of the S . cerevisiae ACT1-associated intron (L00026; Gallwitz & Sures, 1980) was not included in the construction of the matrix because it was only 308 bp in length, significantly shorter than the intron sequences of the other yeasts studied, and so valid genetic distance determinations with this sequence and the others used to construct the matrix could not be made. Fig. 3 . Unrooted phylogenetic neighbour-joining trees generated from the alignment of the ACTl-exon (a) and -intron (b) sequences of C. dubliniensis and other yeast species. Numbers a t the nodes were generated by bootstrap analysis (Felsenstein, 1985) and represent the percentage of times the arrangement occurred in 1000 randomly generated trees. The sequences used to construct the trees are indicated in the legends to Tables 3 and 4. so closely related as to be considered a single species (Kamiyama et a/., 1989; Sullivan et a[., 1995) .
PCR-based identification of C. dubliniensis
Because of the many phenotypic similarities shared by C. albicans and C. dubliniensis it is not easy to discriminate between isolates of these species in the clinical laboratory. However, examination of an alignment of the ACTI-associated intron sequences of these two species (Fig. 2) and the observation that they differ by 16.6% (Table 4) suggested that this significant sequence divergence could be exploited as a means to identify C. dubliniensis accurately and rapidly in combination with a rapid template DNA preparation procedure. PCR primers specific for the C. dubliniensis intron (DUBF/DUBR; Table 1 , Fig. 1 ) were synthesized and used to amplify a DNA fragment of 288 bp from C. dtzbliniensis template DNA obtained by boiling cells from a single 48 h colony suspended in 50 pl water for 10 min. PCR reactions also contained the fungal universal primers RNAF/RNAR (Fell, 1993) , which amplify a product of approximately 610 bp from the fungal largesubunit rRNA gene and serve as an internal positive control. While all fungal species should produce a product of approximately 610 bp with the RNAF/ RNAR primers, only C. dubliniensis isolates should yield the 288 bp amplimer with the DUBF/DUBR primer set. The C. dubliniensis-specific primer pair DUBF/ DUBR was tested in a blind trial using template DNA ". O n e hundred 'ind fourteen o f the (:. dzrOliizicizsis isolates were recovered from oral specimens, five were recovered from faecal specimens nnd oiic cich kviis recovered from ;i vaginal, sputum nnd a post-mortem lung specimen. T h e isolates were recovered from different countries n s follows: Argentin,i, 1 isolate; Austrrilin, 2 ; Belgium, 5 ; Canada, 6 ; France, 4 ; Germany, 4 ; Greece, 1 ; Ireland, 48; Scandinavia, 4 ; Spiiiii, 5 ; S\sitzcrland, 4 ; 11K, 17; USA, 21. from the yeast isolates listed in Table 5 as follows: C. ~ill~ic'ins ( 1 1 = 53), (;. dirbliniensis ( n = 122), C. glabrata ( 1 1 = l ) , C . kcfyr ( n = I ) , C . krzrsei (17 = I ) , C . noruegensis ( n = I ) , (:. pr~vripsil~sis ( n = 4 ) , C . sr7ke ( I ? = l ) , C. stcllirtoidc'i ( 1 1 = lo), C . tropicalis ( n = 1) and Tvic-lmsporon lieigelii ( n = 1). All 196 yeast isolates yielded an :iiiiplimcr of approximately 610 bp, but only the C. dirblinic~nsis isoliites yielded the 288 bp amplinier. Fig. 4 shows Sullivan et al., 1995 Sullivan et al., , 1997 ) and the small-subunit rRNA gene (98.6 YO ; Gilfillan et al., 1998) .
The predicted C. dubliniensis A C T l protein sequence was identical to that of C. albicans, apart from a single conservative substitution. A phylogenetic tree generated from nucleotide comparisons of ACT1 coding sequences from C. dubliniensis and a variety of yeast species showed that C. dubliniensis was grouped separately from C. albicans and the other yeast species in 100% of trees generated (Fig. 3a) . These studies represent the first phylogenetic investigation of C. dubliniensis based on non-rRNA gene sequences, and they unequivocally confirm its unique position as a separate taxon within the genus Candida as determined previously by comparative rRNA gene sequence analysis (Sullivan et al., 1995 Gilfillan et al., 1998) . In contrast to the highly conserved nature of the C. dubliniensis and C. albicans ACT1 exon sequences there was considerable divergence (16.6 % ) between the ACT1-associated introns of the two species. When these and the ACTlassociated intron sequences from a number of other yeast species were used to generate a second phylogenetic tree (Fig. 3b ) the unique position of C. dubliniensis as a separate taxon within the genus Candida was affirmed. These results also confirmed that C.
dubliniensis is most closely related to C. albicans. In addition, the C. albicans and C. stellatoidea ACTlassociated introns were found to differ by one basepair substitution, corresponding to a 0.2 % sequence divergence. These findings provided further evidence that C. albicans and C. stellatoidea should be considered as the same species. This situation is analogous to that found between S. cerevisiae and S. carfsbergensis, where the ACT1 -associated introns differ by one basepair deletion and one basepair substitution, and it is accepted that these two organisms are in fact the same species (Nellen et af., 1981) . The C. tropicalis intron sequence differs from that of C. albicans by 43-4%, confirming that it is more distantly related to C. albicans than C. dubliniensis (Table 4 , Fig. 3b ). All of these findings indicate that the ACT1 -associated intron sequences are not subject to the same level of evolutionary constraint as the ACT1 coding sequences.
The ACT1 genes of fungal species, in general, are noteworthy because of the presence of introns (Gallwitz & Sures, 1980; Fidel et al., 1988; Wildeman et af., 1988; Deshler et al., 1989; Losberger & Ernst, 1989; Fletcher et al., 1994; Cox et al., 1995; Matheucci et al., 1995; Wery et al., 1996) . At present, most known introns can be assigned unambiguously to one of four classes, depending on the intron structure and location (Krainer & Maniatis, 1988) . ACTl -associated introns belong to class IV, which are nuclear pre-mRNA introns. The C. dubliniensis , 1989) . This position is conserved amongst fungi, as all fungal actin genes that contain an intron do so at the third, fourth or fifth codon. Three conserved sequence elements have also been identified in the nuclear pre-mRNA introns of yeasts, at the 5' and 3' splice sites and at a site within the intron near the 3' splice site, known as the branchpoint sequence. All three conserved elements have been shown to be important for the accurate and efficient splicing of introns in S. cerevisiae (Langford et al., 1984; Leer et af., 1984; Molenaar et al., 1984; Teem et af., 1984; Mount, 1982) . The C. dubliniensis, C. albicans, C. stellatoidea and C. tropicalis ACTl -associated introns possess all three conserved elements, namely GTATG (5' consensus), TAG (3' consensus) and TACTAAC (branchpoint), (this study, Fig. 2 ; Losberger & Ernst, 1989). These sequences are also present in C. glabrata and K . factis although the 3' consensus sequence is CAG (Deshler et al., 1989 ; see GenBank accession no. AF069746 for the C. glabrata ACT1 -intron sequence).
One striking feature of the C. dubfiniensis introns was that they showed little intraspecies variation, even among isolates from geographically divergent locations. The small changes which were recorded consisted of single base changes, some of which were shared by more
than one strain, and deletions which occurred at the end of poly(T) and poly(A) stretches. Introns containing these deletions were sequenced on separate occasions using different preparations of template DNA to rule out the possibility of sequencing o r amplification artefacts. We concluded that these deletions are genuine and are probably the result of slipped-strand mispairing during replication. Similar intraspecies sequence conservation was observed with the ACT1-associated introns from C.
albicans and C. stellatoidea. Boucher et at. (1996) made similar findings with their analysis of the group I selfsplicing intron present in the large-subunit rRNA gene, in which the intron is present in a similar location in C.
albicans, C. stellatoidea and C. dubliniensis. Again there was no significant intraspecies variation in the intron sequence. Furthermore, the C. albicans self-splicing intron and that of C. stellatoidea showed a high degree of homology, differing only by three single basepair substitutions. They also found that the homology between the C. albicans and C. dubliniensis group I introns (CaLSU and CdLSU, respectively) was quite high except for two regions of divergence contained in t w o stem-loop regions, both of which are much longer in C. dzibliniensis than in C. albicans. These two regions lie outside the catalytic core, and although they are predicted to have a more complex secondary structure than those of C. albicans they do not affect the selfsplicing ability of the intron. O u r analysis of the C . dzddiniensis and C. albicans ACT1 -associated introns showed that although identical conserved elements are present in both species, nucleotide differences accounting for a 16.6% sequence divergence were dispersed throughout the length of the intron (Fig. 2) . With group I introns, conservation of the nucleotide sequence may be important as it dictates the secondary structure of the intron and therefore its self-splicing ability. However, with group IV introns, such as the C. dubliniensis and C. albicans ACT1 -associated introns, the splicing event is mediated by the spliceosome and although maintenance of the three conserved elements is important for splicing there do not appear to be any other constraints upon conservation of the nucleotide sequence. This may explain why divergence between the C. dubliniensis and C. albicans ACT1 -associated introns sequences is dispersed throughout the intron.
Genotypic tests such as DNA fingerprinting analysis, karyotype analysis and RFLP analysis have been used in the differentiation of C. dubliniensis and C. albicans isolates. However, these techniques cannot be easily applied to the analysis of large numbers of clinical isolates. In contrast, PCR, which may be applied to the detection of genetic differences, is rapid and relatively inexpensive. T h e low level of intraspecies sequence variation in the C. dubliniensis ACT1 -associated intron, and the extent of divergence from the C. albicans ACT1 -associated intron sequence, suggested that this region could provide the basis for the design of oligonucleotide primers capable of readily discriminating between isolates of both species using PCR. In order to facilitate the rapid processing of large numbers of samples and to isolates; however, these primers were only tested with seven C. dubliniensis isolates. Another study by Elie et al. (1998) reported the development of a C. dubliniensis probe, specific for the internal transcribed spacer region (ITS2) of the ribosomal gene cluster. However, this probe has been tested with a very small sample number (n=5) and the method itself involves a PCR-enzymelinked immunoassay, which is relatively time consuming. In contrast, our method is a simple and rapid technique capable of identifying suspect colonies directly from a primary isolation plate. In addition it has been evaluated against a large number of isolates from diverse geographical locations. O u r findings clearly demonstrate that PCR identification based upon the A C T Iassociated intron sequence is a definitive and rapid technique for the identification of C. dubliniensis.
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